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Multimetal oxide materials 

..e present invention .e.ates to .uXti.etaI oxide .ate.ia.s o. 
5 the stoichiometry I 

MOiVaMlbM^cM^dOn 



10 

Ml 



M2 



is at least one of the elements fro. tne ,roup consisting 
fs l: tfasf ins of the elements fro. the .roup consisting 



15 m3 is at leas^ ou« 

of Pb, Ni, CO, Bi, Pd, Ag, Pt 
Re, ir, Sm, Sc, Y, Pr, Nd and Tb 

is from 0.01 to 1, 
20 b is from > 0 to 1; 

is from > 0 to 1; 

0 to 0.5 and 



25 



30 



h, i and k whose 
27.3 + 



is from > 0 to 0.5 and ... .^^ valency and 

0 50 (i) and 28.2 + 0.5° (k) , 

the reflection h 
within the X-ray diffraction pa 
not more than 0.5°, *-,„^^^on i and the intensity Pn of 

_ the intensity P. °l^f^^%'t:7.,\:,ons.., 0.65 . K . 0.8S, 
3, re/elirre LfenSi /atio define. the formula 

R = Pi / (Pi + 

and . . , the reflection k being in 

40 - the FWHH of the reflection i and of 
each case ^ 1° f 

Wherein the at least one murtimetal ^^^^J^ 
whose X-ray diffraction pattern has no 
45 position 20 = 50.0 + 0.3°. 
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^Plates to the preparation of 
..e presen. invention "-f^/f^f^ruse «ith the 

„ultimetal oxide "^""^^"'"'fi oxidation and/or a™,oxidation 

rsrreri^d^rrsi^^^^^^^^^^^^ 

5 of the stoichiometry (I) and having a 

Multimetal oxide -"a^rxals of_the ^^^^^ ^^^.i^able by 
stoichiometric their elemental constituents 

calcining a ^^^Je, are disclosed, for example, 

1„ an cxygen-contarnxng "J^^^^f ..^^pie, for the 

10 i„ EP-A 318295. They ^^^^^^J^^^^^^^ propane or isobutane 
neterogeneously cata y.ed a^o-da^^^^^ 

-^^rhfgrrr^rs^rr/ctnral fraction. 

• . , that the performance of multimetal oxide 
15 EP-A 512846 discloses that / adding promoter 

materials of EP-A 318295 --^^^^^^^.^^ ,3ed as catalysts for the 
elements m3 when they -^^^^^^^/^.t/hy^^ 
partial ammoxidation of saturatea y 

.n.«36 EP-A 608838, EP-A 767164, EP-A 895809- 
20 EP-A 529853, EP-A 603836, ^ 60 ^ ^^^^^ials of the 

EP-A 962253 disclose ^f^^^f^f.^^^^,^,,, coefficient d = 0 
stoichiometry (I) and ^^"^f .^'^^^^^orough dry mixture of their 
which are obtainable -^-^^^^^^,;,:re substantially free of 
elemental constituents xn -^J^^^f ^^^^ .ultimetal oxide 

25 oxygen. They are even more --^^^f l ^^2846 as catalysts for the 
materials of EP-A ^^^^^^ -^^/J/,^3lLidation and/or oxidation 
heterogeneously catalyzed P^^^^^^ particular when the 

of saturated ^^^^^^^^^''^''^ 'J^J^TTs a catalyst precursor by 
thorough dry mixture was produced 
30 spray drying. 

•..d this is attributable to the fact that, 
in the publications ^^^^^ multimetal oxide 

as a result of their preparation t .^^ form having a 

materials are substantially present ^no^Y ,,,,,,,,ion 
35 specific crystal .^^ong intensity at the 29 peak 

pattern -J -^-T^rf^ o!3o,° 3^.2 . 0.3o, 45.2 . 0.3o and 
positions 2z.i ^ ' 
50.0 + 0.3°. 

. 0^ i.«s.„ ----- - rftr frsTntyTe 

f-iurpLrin^-^^^^^^^^ 

— rontri^rra^le as the . Phase. 
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. secon. spec.ic c.^s^a. -^-e ^^^^^^^ ^77.^.^ .^ 
„.ultimetal oxide --^^^f^J^'^'/^'dif fraction content, accordxng 
the i phase. Typical of ^^J^;^^^ .^^ ^.^er alia, that it has 

to the abovementioned P^^^^f ^^^^y at the 20 peak positions 
5 reflections of the strongest ^^^^^^^^ ,,„t,ast to the k 

22.2 . 0.4O, 27.3 . 0.4° ^^J^ '^/J reflection at the 20 peak 

phase in which, however, there is n 

position 50.0 + 0.3°. 

- 529853, EP-A 608838 and 
10 For example ^^^^"f^^^^^^f responsible for the catalytic 

J-ials mentioned there. 

..e method of preparation ^ -scribed above ^u^^^^ 
X5 neither pure k phase nor ^^l^ f ^ll^ ,,,,,,3 of k and i phases, 
solution which comprises an xnterg 

. 1192986 EP-A 1192983 and EP-A 1192982, 
in EP-A 1192987, EP-A 11^2986 EP ^^^^ ^^^.^ solutions 

such multimetal oxide ^^l^^^^^^ ^^^^^ performance can be 
20 are prepared and it ^^^J^ ^^^^r^^^ ^3 when it is intended to use 
improved by adding P^°"^°^^^ t^^^i^ation and/or oxidation of 
.hem as catalysts ^or partxa. ammo-^^^^^ ^^^^^^^^^^ 
saturated hydrocarbons, the k p 
decisive role. 

the i phase play -.^-""It^^.i^^the torn of solid solutions .n 
such multimetal "^^^^e iraterxals^n Accord=.ng to 

the partial ammoxidatioh of "^""^^"^^^ble for a satisfactory 

„»r Mo-V-Sb-Te mixed oxide catalysts 
„ «™oxidatioa of propane over Mo-V ^^.^.y^ts, Kd. by Can 

35 from spillover and "^/^^.v. ,x997), page 473 et seq., 

and auin Xin ^--^ ^ ^ emphasi^e this concept, whrch .s 

rsorpr-aV.^ -^s.^, and s,5ob,. 

-■ 



,0 comparison. ^-^^1^^ 

multimetal oxide -'="!tt/r3 catalysts for the heterogeneously 
structure are also ^"'^^^^ ^^^/^^ oxidation of saturated 
catalyzed partial ammoxidation and/o 
hydrocarbons . 



45 
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.„„e, e.pe...e„.s .a..^^^^^^^^^^^ 

it is shown that multimetal "^^^^ inactive and which 

the K-phase ^.ire^flS "hereby the i phase is 

support the concept °^ ^^^^ "J*:,, , p,,se is responsible only 

' rorrritiirrsrirtivity. 

^0 ^riira^^^^^^^^^^^^ rchTrf 

lefs'^rLoLfnU "Catalysts .or partial oxidatrons. 
10US3U an. .C..../0./0,0.3 .i close 
" ^.-carbons. 

oxide active materials can 
" What is -sa.vanta.eo.^ the st-^^^^^^^^^ 

that, on the one hand, it " ^^^^ into the i phase and 

Whether the pro»»ters ^"=°^^°"",lence the catalytic 

into the H phase and whether ^^l^f their multimetal 

25 activity of both phases "/..t^^ttisf actory, with regard to 

oxide materials are not completely ^duct, as catalysts 

Liproved in the context of the object. 



xmpi-«J 

. ^ •= ar-h-ieved by the multimetal 
35 „e have found that this object in this 

oxide materials (I) defrned at the o ^^^^^^.^^ ^^^^^^ relate 
document which are based ^"" " Lcei using Cu-Ka radiation as 
to an X-ray diffraction ^^"t.^heta D-5000, tube voltage-. 

X-rays (Siemens '^^'^"^^'^^^ZjX^rl V20 (variable), collimator 
40 40 kV, tube current: 40 mA, j^.l mm), detector 

V20 (variable), =«<=°"='"^"'°"°'=^!°"li ^S) "-O .02°, measuring time 
aperture ,0.6 ^, , ""-""^^.^."^^jftiln counter, = the definition 
per step.. 2.4 s ^-""^ ^ i'the X-ray diffraction pattern 
of the intensity of a retie j^„ition stated in 

45 is based in this document on the de£^__^^^^^ 
DE-A 19835247, DE-R 10122QZ/, 
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..e applies to t.e ae^in^ion o. ..e .uU wia.. at .aU 

height) . 

.eco..in. to the invention, P----^^;,'- I I ^ ^.f.o 7.74 or K 
5 particularly preferably R = 0.69 to 0./ 
= 0.72. 

V, H ^nd k the X-ray diffraction 
Xn addition to the reflections h ^ ^ ^J,.,^, ,3 a 

pattern of novel -^^^-^^^^/^f .re at tL following 

10 rule, further reflections whose peaks ar 
diffraction angles (20): 

9.0 + 0.4° (1), 
6.7 + 0.40 (o) and 
^5 7.9 + 0.4° (p). 

^ -if ^-he X-ray diffraction pattern 

diffraction angle (2©) ot 4 3-^ 
20 fraction pattern of multimetal oxide 

rtrrxs",xr:-o"Lfa"rr.e j^.c..o.s .9.2 . 0.40 <„, a„. 

35.4 + 0.40 (n) (peak positions). 
„ « tne intensity 100 is -=^9-. to t.a -.xection^.-^-^ ^ 

rrrr; rrraCort^:::: in;ensit, scaxe. tne 

following intensities: 

,.o„ 5 to 95, frequently from 5 to 80, in sens cases 
from 10 to 60; 
from 1 to 30; 
from 1 to 40; 
from 1 to 40 
from 1 to 30; 
from 1 to 30 and 
from 5 to 60 . 



30 



^^-o-rn Of the novel multimetal oxide 
If the X-ray diffraction Pf ^^^^ f abovementioned 
40 materials (I) contains -^;/™,f,rat half height thereof is 
additional reflections, the full wiar 



as a rule s 1°. 
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nitrogen) . 

5 . v-^n the stoichiometric coefficient a of 

According to the xnventxon, ^^i f ^ independently of the 

tne novel .ulti.etal -/^X^^^^^f^.l^il^.^c coefficients of the 
preferred ranges f ^"^^ preferably from 0.05 to 0.6, 

. multimetal oxxde materials (^^'^J 
10 particularly preferably from 0.1 to 0.6 or 

*«T- -t-hP Other stoichiometric 

coefficients of the "^"f "'^ °"^f(3,,bly from 0.01 to 1, 
.toichiometrio coeff.cxent b „.5 „ o.4. 

15 particularly preferably from 0.01 °r 0.1 

■ ■ <• of the novel multimetal oxide 
The stoichiometric '=''^"J;l'^l^\^^ preferred ranges for the 
materials (I,, multimetal oxide 

other stoichiometrxc particularly preferably from - 

20 materials (I), -\^'°'' ° particularly preferred range 
0.01 or 0.1 to 0.5 or ^.^"^ ^ „hich, independently of the 

the stoichiometric coefficient d of 
according to the independently of the 

the novel multimetal -f^^7«:roichioi;tric coefficients of the 

30 =ra=: -T%';:;f:rarirrr:trt:-r.!^ - 

°;rn:Vfr;mrorro!r:Ln fLm 0.003 or 0.01 to 0.1. 

™.<-»rials (I) "hose stoichiometric 
Kovel -^-i-"^ :„:Ta^: silultaneously in the following 
coefficients a, b, c anu 
ranges are particularly advantageous. 



r.rmrol Toiler from O.Ol to O.S,, 



40 



d 



= from O.Ui t:o x — , 

. from 0.01 to 1 (or from 0.01 to 0 5, and 

. from 0.0005 to 0.5 (or from 0.001 to 0.3). 



• ic iT\ whose stoichiometric 
«ovel ^"^-"^"''f :„n",i:':ilultaneously in the following 



a = from 0.1 to 0.6; 
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b = from 0.1 to 0.5; 



; : fZ 0.lor:ol.Tl .ro. 0.002 .o 0.3 or fro. O.OOS .o 



0.1. 



Ml is preferably Te. 

^ ^c=neciallv applicable when at least 

10 on' its total amount, of is Nb. 

;,nnlicable, independently of the 
However, it is also "^--"[^^^^f ,,3„en. fro. .he .roup 
waning of ^^^X. Au, Pb and Ga or at least one 

. :!:rtiror:.^ro;;:;n:.t4 of ... «. a„a ... 

However, all of the a.ove.entlone. rs a- espeolall. appUoa^.e 
When at least 50 or ^^/^^^;^^'^^°''^3 least one element from 

. - ::rp =:;i:: ^irrB- - - - - 

However, all of t.e — lo.e. - ----- 

run:! oH^ is " least one element fro„ the .roup 

25 consisting of Ni, Co, Pd and Bx. 

very particularly preferably ,s «b 

stoichiometric coefficients ^l^^ll^^^fl^X consisting of Ni, Co 
and m3 is at least one element from the gr p 

30 arid Pd. 

.urther -Ichlo^etrles su.a.le aoo^^^^^^^^^^ ^ 

rtrnrrofT.: "^^^^^ - - - ^"^^ 

35 outset. 

..e principle of a 

novel multimetal oxide """"^^ ^„ ^his publication. 

,y „0 0206199 and the "^al^.fde Jerial which has the 
40 According to these, a ^/^^^^^f^f.^^^.i^ately intergrown solid 
stoichiometry (I) but is a generally ^ ^^^^^ 

solution comprising i phase and «her phases (_^g^^^ ^^^^^.^^ 
first prepared in a manner out the other 

.hen be isolated from the -^^^^^;°^",n„,/able liquids. Suitable 
45 phases, for exax-ple the Ic P^^^^^ ^ solutions of 

itra"= :=irs"er oSicl^i:. f^ormlc acid, acetic acid, citric 
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.ci. ana tartaric acid, --/-i^/^/L ^u, J^",::..:.^;., 
r.'-tLronTr^.roraToclL p.epa.a..o„ o. 

IltiLtaX oxide materials ccprisin, i phase. 

5 • • • r^h^c^c and k phase are obtained, as a 

solid solutions compr.sxng . P*"^/^ ^^^.^^^ p.ior art (cf. 

.ule, by the P-P-^-^/'^^rrsareS EP-^ 603B36, EP^ 608838, 
for example DE-A 19835247, =^7'^ ' i080784, 

.P_. 895809, -V!",^,::' rp'I l ^. EP^ 1192,8;, 

" ^'t n92982' EPI 1 'and EP-. 1192988,. .ccordin, to these 

EP_A 1192982, EP A preferably finely divided, dry 

processes, a very ^''"""^h, preferably y ^^^^^^^^ 

„ is produced ^ ^f ^.^e ^Iterial and said mixture is 

constituents of the -""l*^^""^ j^^^ 400 to 650°C or 

IS treated thermally at from ^50 to 700^ 

from 400 to 600-C. The thermal treatment ca 

principle under either - -f^;; -/^;^ for example, air, 

atmosphere. A surtable P ^^ygen. 

air enriched with molecular °f f " "^.^^^^./..rried out under Sn 

.0 However, ^-^/^^/^rlriru Lr moleculL nitrogen and/or 
inert atmosphere, for examp . ^^^^^.^nt is carried out at 

noble gas. -ually the ^--l^-^^fe ,he thermal treatment 
farrr b^ reduced or superatmospheric 

25 pressure. 

« the thermal treatment ^l^'^^T A^l^ 
^refaS'ffotl.TltrgerertreWl treatment may ta.e up 
30 to 24 hours or more. 

.p^-r-aHiv first carried out under an 
The thermal treatment rs P^f"^^^ ^^^^f (l,. ,„<ier air, at from 
oxidizing (oxy^en-contarnxng atmo phere ,,oomposition 
150 to 400-C or from 250 * . . ,™ediently continued 

3S step,. Thereafter the t. r aX tre-ent^r^^^^^^^ J^^ 

under inert gas at from 350 treatment can also be carried 

450 to 600-C. Of 7^;;-,t;or?TtTlherma" 

out in such a way that, before 1 ^^^^^^^ (if necessary after 

catalyst precursor '^^^^^ £ addition of from 0.5 to 
" r^T-i hro iniiy 'vided' graphite, and then treated 
fherLm'and thereafter converted into chips again. 
..e thorough mixing of the starting compounds can be effected in 
45 dry or in wet form. 
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ci-artinq compounds are 
" i= f -=:raf /"eir^Ivr^ TZ^J^^. a..e. .ixi„, and. 
trreruirta/ro'^pacJ::: l.. suMec«. to ..e ca.c.nat.on 
(thermal treatment). 
5 . • < = nreferably effected in wet form. 

However, the thorough "----"^ ^= ^'e mixed with one another in the 
usually, the starting oompounds are - ^^^^^^^^ ^ 

form of an aqueous -^7-^^^!,°%^^ ioU5958, and/or 
completing agent, f-J^l^^^^^^, is dried and then 

10 suspension. ' .^'/.^^eous material is an aqueous 

calcined. Expediently, the aq process is 

solution or an aqueous ^-P-^^; '^.r Le preparation of the 
preferably carried out „f an aqueous solution, 

Iqueous mixture ^^^'^^^f^fJZ.'l^X s^r.y drying (the exit 
15 cf . for example JP-A ^""f the spray drying can 

temperatures are as a " countercurrent method,, which 

be carried out by f « ^ry mixture, especially when the 

requires a particularly thorough y solution or 

aqueous material to =P;j/;^r^,,^Lted by evaporation under - 
20 suspension. However it can a ,,„,entional 
reduced pressure, by freeze a y 
evaporation. 

.iteble sources for ^^^^1^^:^:^:^' 
2, the preparation method ^-"^^^^^^"^^ ,„i,^ solutions are all 
materials comprising ^"P^f ^'^^^ ^^^^33 and/or hydroxides on 
those Which are capable "^-^^J/^^, „,i<ies and/or hydroxides 
heating (if required in air). j.ves be concomitantly 

of the elemental "^tarfing compounds, i.e. all 

30 used or exclusively used -/-\=*/;',^"iLation of the prior art 

rrirrenr^rtririrsr^^^^^^^^ 
- tr=: Tiib^^s^^ch — -rrri Xd^um 

tetrahydrate, and molybdenum halxdes, 
chloride. 

to be concomitantly used according to 
40 suitable starting ^^"^P^^'^^^^^^ ''^^3 for example, vanadium 

the invention for the ^^^f ^J,;^,:;3tonate, vanadates, such as 
oxysulfate hydrate, ^^^^^^^^/^^^^^i^es, such as vanadium 
anionium -tavanadate vanadxum ox.des ^^^^^^^^ tetrachloride 

pentoxide (V.O5.) , ,f ' 3uch as VOCI3. Vanadium startxng 

45 {VCI4), and vanadium oxyhalxdes, such 
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„hich n^ay be conco-nlLn.ly used are also those which 
:rair:hr— in oxidation state .4. 

According to the i"'"*^"^' =f "^'^ TteUurLnioxtde, 

Tcids such as orthotelluric acid HeTeOe. 
.d.anta.eo.s anti.ony startin, c„^^^^ 

^° rtL::iracidsnr^^^^^^ - — ^"^'^ 

as "ti.ony oxide sulfate ,SbO„S0,. 

Siobium sources suitable ^^l^fj'l^^l^Z"'^'^t^^i«^20,). 

15 example, niobium oxrdes -^^^ ^ ^.^^.^^ ^,udes, such as 

niobium oxyhalides, « *f a„a organic carboxyl.c 

KbCls, and complex =°"'P°'^"f °/ ^^^lates and alcoholates. 

acids and/or t"^"; J ep_r 895 809 are of course 

The 8b-containing solutions used rn 

20 also suitable as a nrobrum source. 

regarding all ^^^^ ^^^^^ZJ^T^^^^^i^l^ 
CO, Bi and Pd), suitable starting ^ acetates, carbonates 

..Ur halides, ^^^^^X' 2T:;^^T^^^^^ are often also the 

25 and/or hydroxides. Suxtable ^^^^^^ ..i^s derived 

oxo compounds thereof, e.g. "^"^ ^^^o used as starting 

therefrom. Frequently, ammonxum salts 
compounds . 

starting compounds are also poly anions of 

- sr= ^e^: reiLib^. ^:^^:;:^f^ 
-Lir If :rJ;:;r:ortrpri: — - — - 

NO. 3 (1999), 401 to 404. 

" other poiyanions suitable -^^^-^^jr ra::i:rcoi:^n:r"' 

those of the Dawson or "^^^g^n typ ^ elevated temperatures 

which are converted ^''^^^^^f;,,,, of oxygen, possibly w.th 
either in the presence or rn the ^^^^^^^^ nsed. 

40 liberation o£ gaseous compounds, P 

.he i-phase/K-phase -^^^-"^^.r^^leTn^ttfLfnerdefcrred 
solid solutions, which «^jf//"/,^':j,tained only accidentally by 
(pure i-phase -Itxmeta oxides a ^^^^^^^^^ ^^^^ ^^^^^ 
45 the procedure described) can tne 
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. -das (I) by suitable washing in the manner 
multimetal oxides (I) oy su 
described. 

. V, c (^nd in favorable cases 
^ increased traction ^.^.^Ushsd in the preparation of 

5 substantially pure r phase) xs ^ ,„„,erted into the 

precursor multxmetal oxrdes W ^^^^.^^ aescribed) when rts 
novel multimetal oxrdes J .^^thermal method, as 
preparation is carried out hy^ hy ,000-143244. 
described, for example, m 

" However, the .^^^T^;^:^^ 

Tterlri r ::^rdirf:r7fr multimetal oxide material ,X, only 
in that d is 0. 

» -H^ material I', "hich is preferably finely 

such a multimetal """^l^^^^"/,^^ „ith solutions (e.g. aqueous 
divided, can then ''^/"^f '""^y spraying,, then dried 
solutions) of elements m3 <«:9- ^ described for the 

(preferably at . 100"C) and then 
20 precursor multimetal °"^^%'P^f/i3 preferably dispensed wrth, 
(here, prior decompositxon in axr P elements M= 

L use of aqueous -"^"/^^^If^^rin which the ele^nts m3 are 
and/or the use of -9-°-^//^f,^°";rganic compounds (e.g. acetates 
present in a form ^""^^-^^^^ advantageous for this 
25 or acetylacetonates) is particular y 
preparation variant. 

The novel multimetal "^'i'^" °f ^^^ple 'in the form of a 
described can be used as -f j^f;^^^,,^ frequently with addition 
30 p6wder or after P«""-^ °* ,^1, divided graphite) and 

of from 0.5 to 2% by °' *"^,'in the form of moldings for 

subsequent ~"-^^";;,,f, t ied may be a fixed bed, a moving 
novel process. The cataxys 



the novel process 
bed or a fluidized bed. 



he effected, for example, by 
The shaping to give moldings ioil8814 or 

--r2-4"3Vr"srior.irii 

.0 .he supports to ^^^l^^XZ!:^'^ ^^^^^^ 
be employed according to ^he inve ^e in the partial 

inert, i.e. they -^^^^^/^/.^^///alo^^^^^ of the hydrocarbon 
catalytic gas-phase acid), which is catalyzed 

(e.g. propane -^^/^ .^'Iterials (I) to be used according to the 
45 by the multimetal oxide materials (I) 



invention . 
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„^rticalarly suitable materials for 
^cording to the ^riUcaLs, such as clay, Xaolih, 

the support are ^1™"^' „ater-soluble alkali content), 
-"^^-al^r s -arL: r,nesiu. siUcate, silicon 
Xconiu. dioxide and thorium dxoxxde. 



pumice 
5 carbide 



..e surface o. the support .ay 

tUly^esults in greater adhesion 
10 Tthe applied coat of active materxal. 

surface roughness . of th^ ^^^/^^ IZ.l "es, 
200 jm, often from ^0 J^^ ^,^_,so measured surface 

Sheet 1, using a Hommel Tester ro 
15 varrabi;s from Horr^elwerlce, Germany). 

• 1 mv be porous or nonporous. The 
Furthermore, the -^^"""^^fly nonporous (total volume of the 

--rbrenf th: ^^.tt..^ - - - 

" .he thickness of - active oxide ^^^T^^^^- ^ 
novel coated catalysts 'fj^ fxon 100 to 600 ^ or from 150 to 

2S 100 Z 500 ^ or from 150 to 300 ^. 

„ principle, any ----- "dLirsirrrs TrureP 
(or the novel P-^^'^f^^^^ or cylinders, in particular hollow 
1 to 10 mm. However, =Ph««= ° as supports. Advantageous 
30 cylinders, are preferably used as supp ^ cylinders 

diameters for support ^^^^{^^JZ preferably from 2 to 10 Kon 
are used as supports thexr ^^^^^^^^ 4 „ 10 mm. In the 

and their external ^^-^'^^Xt/s ts moreover usually from 1 to 
case of rings, the wall ^".^'T^^lJ-^^^^^^g « the invention may 
35 4 ™. «>nular supports surtable accor J ^^^^^^^^ of 
also have a length of ^ " £,om 1 to 2 mm. However 

from 4 to 8 mm and a dimensions 7 rmn x 3 x 4 

an annular support may also have t ^ ^^^^^^ ^ .^^^„al 



, annular support "^^^^^J diameter x length x internal 

, or 5 mm X 3 mm X 2 mm (externa 

40 diameter ) . 

*,lv,ts to be used according to the 
The preparation of coated ""^f ^ manner by preforming 

invention can be effected « are to be used according 

oxide materials, of the , n„ely divided form and 

45 to the invention, -nvertrng ^^^^ ^.^^ort with the aid 
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to the moistened surface, ^^^^^^y; periodically to achieve a 

becomes the new support, etc. 

^.i^-hicallv active oxide material of the 
The fineness of the "^^^f ^/^'^^^^ surface of the support 

10 formula (X) which xs to -PPl- ,,iekness . For example 

is of course adapted to the desir ^ the total 

rje active ^^^^^^i-zT:^^^^:,:: i!::: - .e.^ si.e ..o. 

nuinber of po»der P«*^"=^^^P!'^^"^ion of particles having a 
1 to 20 p. and whose --""^ f ^^^^ ,^,„ „e suitable for 
15 longest dimension =° ^ ^^^o't, 50O ^un. As a rnle. as a 

the coat thiclcness "^n "he distribution of longest dimensions 
result of the preparation, ° Gaussian distribution. 

- :-trJeTai:ir^^ _ 

■ r — : 1 7 I o T 12 16 




30 



D 

(Hm) 


48 


64 


96 


128*1 


X 


2.1 


2 


0 




-y 


97.9 


98 


100 


100 ' 



Here: 



: : :rert:g:^rpartrcfer;hose diameter is . O 

^""^ ^ ^.^^^ales whose diameter is < D 

y = percentage of particles wiiu 



40 



y = pei.<^cin-ti'd>- I. 

Por carrying out the coating proce- f/^^^f f./^ricTocedure 
scale, it is -<^-"'^^^' °"^„nSt disclosed in DE-A 10051419, 
disclosed in DE-A 2909671 and that , 
i.e. the supports to be coated ^^'^ l„ ,3 a rule .00 
preferably inclined (the^ngle of ^-li i„,iination is 

!nd .900, in general . '"l^^^J^^^.X^, stating container and 
the angle between ,3.,. rotating pan or coating 

the horizontal) rotating co""^"//^^,,^ supports, for example 
:™i;crorcruSrrire:."under t»o metering apparatuses 
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The first of the two metering 



The firsT: ui. 

, ^ scecific distance apart, m ^ example an 

.«„izer nozzle °P-"':^'^ "f ^ ~,"!ng pan are sprayed wxth the 
the supports "l^^^^ ^" " a controlled manner. The -""O 
5 liquid binder and >"°^"^"=^ ""^^tside the atomizatlon cone of the 
Pterin, apparatus is P-^^/^^/^^ deeding the finely 
liquid binder sprayed " f ' .g. ^ia a vibrating channel or a 
divided oxidic -^^^^""^""3 ';;rts moistened in a -""oiled 
powder screw,. The ^Ph^^^^JJ/, „,«rial powder which, ow.nq to 
10 Lnner absorb the -PP^-^^^^f^,,,, .he outer -rface of the 
:rpprrt!"iirr;.^^-;is cylindrical or spher.cal. 
a cohesive coat. 

,.,.i„d, the support thus P-^^^^^^ rthrfub^^e. 
again through the -P"^ ^ntrolled manner in order to be 

/evolution, is ^"f^/"i,;er of finely divided oxidrc act.ve 

able to take up a further y „vement, etc. 

^terial in the °'^^"^"„ie not necessary,, ^^f^^^^^^^f 

,0 (intermediate '^-^V". liquid binder are as a rule fed 

oxidic active material ana ^ 
Tntinuously and Simultaneously. 

H after coating is complete, for 
,he liquid binder can be f^,, ,3 or air. It is 

« To-^Trtry ratThrL::^ ^e^r.— ^^^^^^ ... 

rifanrthrbrse coat to the surface of the 

support . 

" ^at is important ^fr trre"c:ftef£; 

that the moistening of /^^^ brief, this means that the 

Tarried .rre^-^ri^tened in such a way that -^^^ 

3. rSorreriUi. - -p^rtiuff::: z moi. t. 

on the support surface. « = .^^ „^ide material agglomerates 
jinely divided ""ly"""L Instead of being applied to the 
- r: =rtredTnf::= in%his conte« can be found rn 
.0 rB^lT,i,rand in 0.-. lOOSin.. 

n the liquid binder used can be 

and/or sublimation. In the ^ ^ ^^^^.^g temperature 

^he action of hot gases at a o^. However, it is also 
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h effected, for example, in a 
,ases. The final ^^I'^^lf^'T^^.g. a belt dryer, or in a 
Lying oven of any „ot be above the 

.eLtor. The --^"^^'^^^^^^f.Tor .he preparation of t^e ox.drc 
calcination ""^^f "/^^^re! the drying »ay also be carrred out 
^rcSirelTin^a^/ryrngoven. 

.„.ependently of - and .o^^^^^^^^^ 

£.llowing may be used - ^^f methanol, propanol and 

10 monohydric alcohols, such a- eth ^^^^^^^^ 

butanol. polyhydric ^1=*°^=;^%, glycerol, ^nobasic or 
1,4-butanediol. such as propionic acid, 

p;iybasic organic -^^V - -^^^ ,,,, er .aleic acid, amino 
oxalic acid, "^lonrc acrd^ aiethanolamine , and 

f.o. 20 to 90% by --^^^^^^I^Tssolved in water and whose boxl.ng 
an organic compound whxch pressure (1 atm> 

20 point or sublimation temperature ^^^^^^^^^ ^ 

Is > 100°C, P--^-"^'^/' ° above list of possible organic 
compound is selected from the ^^^^ ^^^^^^^..ed aqueous bxnder 
binders. The organic f °o particularly preferably 

solutions 3-S 

preferably !" ,,;,i,ie organic components are 

25 from 20 to 30, % by weight. °^he giuoose, fructose, 

Losaccharides and re' oxides and polyacrylates . 

sucrose or iacTiu&c, -table 
The fact that the P^P^ration of coated catalysts^su^^ 
30 according to the invention can be a„ ^^^^ ^^^^^^ „,,ae materials 
application of the P-P-^^;/;-ed support surface is important, 
the formula (I, to t 

Kather, instead of the active o-^J^^^^^^,',^, ,o the moistened 

°^^* -1 of this type is, ^or 

finely divided precursor "^^^^^^^ ° producing a 

A suitable fxneiy obtainable by first p 
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...eous s.spe„sio. or solution . an^^^e^ ^^^^^ 

.ubiecting this finely "^-^^^^^^^-^H, J, „eight of finely 
pelle.in, ^^^^ ^^'^^^^^^ZT trll^nt at fro. 150 to 350=C. 
divided 9raph.te) to a therm ^^idi.ing 
5 preferably from 250 to 350 c, ^^^^^ ^ ^^^^^ 

l:rrf'r,:t«rkrarj3u:;eltl'n, sal. ary .ixture to milXin,. 

llr the coatin, of - -ports vi^^^^^^^^^^^^ 

""'Tere^lu"o:L: a^sP^efertre aLo suitable, at fro. 360 
foToo'c "r'fro. "0 to 650-C or fro. 400 to eOO=C. 

t ™„i bimetal oxide materials (I) which 
Of course, the =''aP.n, of mult^etal ° ^^^^ ^ ^^^^^^^^ 

can be used accord3.ng to the inven ^^itimetal 
extrusion and/or P^^^f "J d^idirprecursor material of a 
oxide material (I) and fxnely '^^^^^ / „,,^i„, „ut of the 

20 =r,h.=res solid cylinders and hollow 

suitable dimension of the abovementioned 

cylinders (rxngs). ^. Xn the case of 

geometries is as a rule ,,,, 2 to 10 nun and the.r 

cylinders, their ^-^^f^^^J^'fZ^ L 10 nun. In the case of 

25 external diameter preferably ^^^^ ^^^^ 1 to 4 nun. 

rings, the wall thickness xs ^^^^^^^^^g to the invention 

^/ular unsupported --^/f;j^3^:r^e^^"rn external diameter of 
.ay also have a length of 1 to 2 mm. However, 

from 4 to 8 imn and a ^^^^^^f f,^^^ dimensions of 

30 unsupported catalyst rxngs 2 mm (external diameter x 

7mmx3mmx4mmorof5mmxJmm 

length x internal diameter). 



DE-A 10101695. 



.s stated above, what is ^ 
that the multimetal oxide "^""f ^^l'^^, ^^^^^ ,i„ this 

- rcurt:"aryrba:edrL . — ^ 



45 
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10 



-^-H -hhe strongest intensity 
reflection h ^-^"^^^f;^;/,U^;:..ern and having an of 
within the X-ray diffraction y 
not more than 0.5°, 

rr.is r r„itrsr.;ra.io ..... ..^ ...^.a 

R = Pi/ (Pi + 

and 



^ ^-F +-he reflection k is in 
^be FVmB of the reflection . an. of 
each case s 1°- 

15 . „ diffraction pattern should have no 

-rcttr rh'tr/erpo..- . = so. . ^^^^^^^^^^ 

.3 stated above, --^^^f ;t:t:rn°i.TastnlMs1o:u::nrortL 

20 in the K-ray '^^J^^^^^f^,7s2^,, and that stated in 
definition stated rn D^^-^ "° 
OE-A 10051419 and DE-A 10046672. 

V a reflection 1 and, in the 
This means that if i= ^'^"J^fJ^^, „hen viewed along the 
as line of the X-ray ^'"^.^^^^^ 2^ axis, is the nearest 
intensity axis P«P^"''^"="^""J°„^ shoulders are not taKen mto 
pronounced minimum C"-"^"^ "^^^^i ^nd, in a corresponding 
account) to the left of ^''^ ^^^^^^^^ « the right of the 

manner, is the nearest pronounc ^^^^.^^^ ^.^^ drawn from 
30 pe-aK and d is the Po-^^^^'^^j ,,,3 intersects a straight 
the peak A> perpendicular to the intensity of the 

fine connecting the points ^^^^f^ht line section A^d which 

Reflection 1 is the length "^ fl l^ J_ expression minimum 

extends from the ^Zi^"of a tangent to the curve in 

35 means a point at which f ! '^^^"f ,,,„ges from a negative value 
a base region of the reflection 1 ^ adient tends to 

to a positive value or a poin t Jh^^^ ,,,, 
.ero, the coordinates of the 2 
being used for determining the gr 
40 • 4„ , corresponding manner the 

in this document, the FWHH is » ^ two points of 

length of the resulting --^^^"^^^^H^^^ to the 29 axis is drawn 
fntersection and ^^J-^^S whtre and are in each 

. - rthf fStlol^ ofTtrsection of this parallel line with 
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. . .-F the^X-ray diffraction pattern to the 
the above-defined line of the X ray 
left and right of A^. 

. e.e.p.ary procedure ^or de— - and intensity is aiso 
5 shown in figure 6 of DE-A 10046672. 

• !<= iT\ to be used according to the 

rus; " sss :c 

oxide or niobium oxide. 

dilution mass ratio may be up to 9 j.rexalple, 6 

material), i.e. 5-""%^^/"" "nd 3 (diluent, = 1 (active 
X5 (diluent, : 1 ' -""/n.^an be ncorporated before and/or after 
material,. ^-J^^^^f /^^^ before tbe dryin,. 

the calcination, as a ruj.c 

• effected before the drying or before the 

If the incorporation is ^^^^^^^^ ^hat it is 

20 calcination, the ^^^-f^^fj^^.^r.^^diu. or during the 

substantially preserved in the flu ^^^^^^^ ^.^^ ^^,^,3 

calcination. ^^^^ -/^^^^^.^.f;, Ueratures. 
calcined at appropriately nig 

• 1 ^T^ are suitable, as such or 
„ The novel multimetal active materials for 

in a form diluted -/-"f/^^.^H: .p.ase oxidations (includrng 
heterogeneously ^^^^^f ^.iLions of saturated and/or 

oxydehydrogenations) and/or aranoxr 
unsaturated hydrocarbons. 
30 " , ,,urated hydrocarbons are in particular 

such saturated and/or „.butane, isobutane and 

ethane, ethylene, /"^°f in^rtioular acrolein, acrylrc 

isobutene. Desirsd ^"i^, acrylonitrile and 

acid, methacrolern, "-'^"^"^i^" also suitable for the 

35 methacrylonitrile. However:, they oxidation and/or 

neterogeneously catalyzed partial , „ethacrolern. 
aranoxidation of compounds such a 

40 products. 

„ ..is document, the ccmplete -^aiS^^^^^^^^ ^ 

;;~b:nr::rrtrinto oxides of carbon (CO. CO.. 

45 
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participation of ammonxa denotes par 



«; ■ ^ I T \ recorded m t.nit> 

The novel multimetal °-^^f;"/f3%l',ily.ic active materials 
document are preferably su.taWe - =^ ,„,uc acid, < 

,or the conversion °r^;°^;";Jl,TyZ.L^.L^.. of propylene to 
propane to acrylic acd acrylonitrile, of 

XO acrolein -/^^^i:,^ an^/or Lthacrylic acid, of isobutane 

isobutane to ■"^'^'•^""^""/"^thacrylonitrile, of ethane to 
rth:rere:TfVhrn: T:ZZ ..J^^^ o. ethylene to acet. 



15 „ „„tial oxidations and/or ainmoxidations 

The procedure for such partial reaction gas 

;ry the Choice of ^l°f^^ :lT:r ZoZ per se, the reaction 
lixture, to be exclusively as a partial oxidatron 

can be designed ="'>='^='"*""^J,^^iHation or as a superposition ef 
.0 or exclusively as a P"-// ~/;r9S/22421, is >cno»n per se 
the two reactions, of. «°^^^^„i„tlons of the prior art and can 

hydrocarbon used ^IJ^^^^^^ 
rrioniror.;.=ro::,3. .he procedure, too, is 
preferably as described there. 

30 K-partial oxidation of f J-^tlLraf 0^^^ (I'l rctfve'^S^fia" 
using catalysts <=°"'P"""« ""'trdescribed in EP-R 608838, 

ror2nrr.!kr3r3ri:d 

33 .or exa^le. air. air -f-d -ith o^^^^^^^^^^ ^re^a: oxygen 
oxygen or pure oxygen can be use 
required. 

3.ch a process is .^^ ril^T irparrifuirr Theliu. 

40 starting mixture "° "^f reaction gas starting 

as inert diluent gas. ^uuent gases, e.g. CO 

mixture can of course """P";^ molecular oxygen. Steam as a 

45 to the invention. 
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. ^° starting mixture with which the 
This means that the reaction 9as B«r* g ^ ^^^^^^ 
fovel multimetal oxide act.ve mat«.a ^^^^ 

reaction *-P=»"-^"%!' ''440-0 and pressures of from 1 to 10 
,30 to "0=0 orjrom 300 to^440 _ 

5 bar or from 2 to 5 
composition: 

1 *.« T % bv volume or 
from X to 15, pre£era>.ly from 1 to 7, » by 

r,rr4'to99%byvolumeof airand 
from 0 to 55% by volume of steam. 
3team.containing reaction gas starting mixtures are preferred. 

■ nf the reaction gas starting 
,S suitable other possil-le compositions of 
mixture are: 

from 0 to 25% by volume of steam. 

fixture which does not consist 
„ .uch a process, ^^P^^^^/rcf o-e obtained. 
exclusively of acrylic acid is ^^^^^ure contains 

addition to unconverted ^^^^^^'J^J^ cO, H,0, acetic acid, 

,S byproducts, the acrylic acid has to be 



propionic acid, etc 
isolated 



isolated. heterogeneous ly 

H- can be effected in the manner Known ^-^^^ 
This can be eiJ-c -^^i-^on of propene to acryxj-^ 

30 Ctalyzed gas-Phase oxidation 

..is means that the -VX.- ^id^^^^^^^^^ ^ " ..^^tion 
product gas mixture by^b-rpt^n , ^^^^^.^ ^ 
with a high-boiling inert byd-:°P ^ „hich, if 

35 example a mixture of ^^^^^^^^-J^^^^ such as dimethyl phthalate). 
required, may also contain ^'^■^^"'"J, ^„yUc acid can then be 
The resulting mixture of absorben^ -d a ,,^3,,ui.ation in 

worked up by rectification, extract! alternatively, 
a manner .nown per - " ^^f^f^f, acid from the product gas 
40 the basic isolation f J^J^^ .actional condensation, as 
^xture can also J „ 924 532. 

described, for example, in u 
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^.c Lid condensate can then be further 
.he resulting aqueous crystaiXi.ation ,£or 

purified, for ^''^P"!' ^^^lUzation and/or layer 
example, suspension crystall 
crystallization). 

The residual gas mixture -"-^^if„^;:„,o„.erted propane, which is 
^.^rylic acid contains in P-=^"™?;f^^ oxidation. Tor this purpose, 
Trlferahly recycled "^:-Xi;r,;::ated from the residual gas 
,t can be partly or completely V ^^^^^^^^on under 
,0 fixture, for example >^V f aotronal rect^^^^^ 

superatmospheric 9ress..s. .^vantageous if the res^ual gas 

oxidation. However, xt ^= extraction apparatus, with a 

°s brought into contact, xn an ext ^^^^^^^ of 
''V-?-^!roranrrf:r^ra:;ie by passing said solvent 



is brougnt • ^hich is preteraoxy v--r— 

Uopoo-i^ "^^"^:„r rr e-;- by^ass^g said solvent 
IS absorbing the propane (for 

■ „ith air, the absorbed 
3y subse^ent desorption -d/cr s«ippxn. wxth 

Achievable, ^l'^^ ^o'^^^^^^''' °^ ""^^-T" ^his also 

„ ^r^^^:^^ r/ofaLlxidations 

heterogeneously catalyzea p 

■ , „„ „. .„„ — 

partial oxidati.on ^^^^^^^^^^^ p^^oduct. 
hydrocarbon to the same desxre 

.^^^Als (I) can be used as 
. the novel multimetal ^^^^^''^'^ZTd by heterogeneously 



jp_A 7-53448. 

,one A is suffic:Lent for 
.0 This means that a ^^"f ^//.ttrBx lusively catalysts comprisrng 
carrying out the ""-^ .^f present as catalytrcally 

-"^n:\rt:tsTe::"on^one. 
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22 ■ the second 

acrylic acid. 

, processes for the heterogen.ously --^^^^^^^^ ^^^^^^^ 

acrylic acid operate wxth two 
novel process. 

„ ... .oce. for .ar.a. ^^'^'X' ^ or 

^-LTe- "of f r.;rr;re:: -^r^as reco— 
invention -nay /.iuted^ ^^^^ ^^^^^^^ 
20 in this document, 

„ ..e no., process for t. P--^^ ^':J^Z^.^^ 
II. heating medium temperature, or ii along the one 

Thtrn. ^-^:^:-^z:^^^ ^crrrtS 

" r:t::tr.r " .his temperature change may 

or decremental. 

" rpl-iity Of -Perature .ones^-n^ Ta^ o£sait 

^nen be realized in a ^-^^^^^ T/^./on by section along the 
bath around the catalyst tubes, 

catalyst tubes. oassed 
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^ „.rtial oxidation of propene, the 
in the novel process for the par ^^^^^ ^^^^^ 

5 reaction te,«perature may „ 450=C. The reaction 

Te^^rtrtsVrrS; .o. 330 to «0.. particuXarXV 

preferably from 350 to 400°C. 

„ .he novel ^^^^^^^ ^ ^^af fe:^^^^^^^^^^ ^^^0; 
operating P^«^^"^^"*^^,^%he invention, typical operating 
rr:=sirr;rrf:r%rro/fre.ent. fro. l.S to S. .ar. 

. propene to .e ^^^^^ :x :zv'^::i::i^^^^^^^^^ 

oxidation of propene does not h 
requirements with respect to its P 

two stage processes 
^ stated above and as f^^^J'/^.phare oxi'dation of propene 
20 for the heterogeneously catalyze g example, 

.0 acrolein and/or a"d ver,^9 ,.Uovrn, 

roTpLlfi::.!^::: ::rsed entirely without problems as 
propene for such a process: 
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10 



s 5 ppm by 

weight 

i 10 ppm by 


Z4 

CO, 


cyclopropane. 


v/eiqht 

s 5 ppm by 


iropadiene and/ or propyne. 


weiqht 

s 10 ppm by 


C>5-Hydrocarbons ana 


weiqht 

<. 10 ppm by 

weiqht 


jNifCOW). 



Chemical grade propylene: 

Ipropene 




s 2 ppm by 
weight 



35 



sulfur 



40 



weight 

s 1 ppm by 


chlorine) , 


weight 

:s 0.1 ppm by 


^f;jS-3SrT?alcula«d as Cl^ , ..'d 


weiqht 

£ 30 ppm by 

weight 


water . 



0. co...e, aU a— -one. .ssi^^^^^^^^^^^ - .Z\.o .o 

however also each be "t « J J^^^^ .^..^ely 

r«e:tr4 re rsr/ur/rr c^:. .ope. no.. 
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for the Known processes for the one-stage or two-stage 
process or for phase oxidation of propene to 

roxrr/o^r r/ra Z., .^neraii,. 
, .,.s is true in P--iar -n the saturate, h.^rocar^o^^^^^ the 
steam, the oxides of ,,,ction phenomenon 

case compounds whrch P""^=-Pf ^ reactants in iarge amounts in 
either as inert ^-^"-"^^as or as re ^^^^^ ^^^^^ ^^^^ 

the abovementioned P-f ,ir and/or molecular 

10 is used as a mixture "^'^''^^^^^f „s for the novel process 

oxygen and/or dilute a.r and/or ^^f ^^^^^^,^ ,,,,iy,ed 

-hhP novel process is propene 
15 Another suitable propene ^l^^^^ differing from the 

which is formed as a "^P^'^''^^/" tl^fi^^ .p to 40%, based on its 
novel process and ^^^/^^^^itionally be accompanied 

:;Tt:;r°i^uri:; ri^arrubstLtiaHy not troubleso. in 
20 the novel process. 

. • «r- «ir enriched with oxygen or depleted 
rrgrn :r.: oxygen source for the novel process 

(or tS partial oxidation of propene. 

" . addition to -e TorilioLrs^^r-ra^.o 

rraSrrst^rduuent. s -^^^ 

nitrogen, oxides of carbon f ^ hydrocarbons, e.g. C 

30 such as methane, ethane ^^l^J„tly, steam is also used 

hydrocarbons, ^^-^^^/^///^f ab;vem:ntioned gases fre^ently 
Tor: f ru:nr;;s"rortre novel process for the partral 

oxidation of propene. 
35 . ..on the novel heterogeneously catalyzed 

according to the --f^^°/,;,:r,,\,vantageously in the presence 
oxidation of propene is ettecT^e 
of propane. 

^ • ^ v-i-nre for the novel 

45 



PF 53990 



(1 - 40) 



preferably, the abovementioned ratio is 1 : d - 5) 
(0 - 10). 

5 likewise be partly oxidized to acryj-xc 
as described. 

7-<aaction qas starting mixture 

10 propane as diluent gas. 

4-^ r.-roriPne in the novel process may 
The molar ratio of propane P^^^"^^'^ frequently from 0 to 

" ..e propene space rprenf^a/L'^orrxU, 

.0 Z^^l^'Z OOo!Ttr^/ror- to 3 000, l,S...,nv.. 

the oartial oxidation of propene to 
in the novel process ^^^f ^^^^^^ ^^.^^ ^^3, „„t consist 
acrylic acid, a Pr°du=t jas ^-^--^^^^^^ „,^,,„,^. father, in 
exclusively of acrylic acid is of c fixture contains 

25 addition to unconverted ^^^^^^'J^J'^lZ cl, „,o. acetic acid, 
..products such as P^P^; kcfyUc a'cid has to .e 

propionic acid, etc., j-i-j"' 
isolated. 

30 This can be effected as ^^^^^f^^f ;:r4h!sroxrd:tion of 

rr:;rroTcr^yr:r;^^^^^^^^^^^^^ — — >• 

This means that the acrylic ^^^^ fr T^sZ^^^ 
35 product gas mixture by ^1^°^^"^ ZT^,, solvent ,for 
with a high-boiling inert "^y^f P^°°"\„/aiphyl which, if 
example, a mixture of ^iphenyl ether and dip y . 

required, may also contain ^"^-^f ^^^^^^^^ acid can then be 
The resulting mixture of absorbent and ^/^^^/^ ^u.ation in 

40 worlced up by rectification, Alternatively, 

a manner Known per - " f/.f ,„m the product gas 

the basic isolation f f/J^j/^ractional condensation, as 

mixture can also be effected oy 

described, for example, in DE-A 19 924 532. 
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..... ..eo. ^^^r^^^^^ ™^ 

crystallization) . 

' ..e .esi.al .as .^^^ ^^^^^^^ 

acrylic acid ---^-^^^^ ^ se^^r.^e^ fro. the residual gas 
possibly P^^P^^^^-/"^"' "^^^tional rectification under 
. xnixture, for example, by ^^^f"^ ^recycled to the novel 
10 superatmospheric pressure and the y^ ^^,,,,,geous to bring 

gas-phase oxidatxon. However xt ^.^^ apparatus, with a 

..e residual gas into conta^^; ^ an e ^^^^^^^^ ^^^^^.^ 
hydrophobic organxc ^ J) , for example by passing 

absorbing the propene (and any pr i> 
15 said solvent through. 

^/r.r- <?triDDing with air, the 
sy ^.n. o« subsequent ^"7"°:; f.^^L xi-"-^ 
absorbed propene (and any P^^^P-"^' economical total 

recycled to the novel P™;^^",,^ ,f pro;ene is subjected to - 
20 propene conversions "^/^^^^^^^^^^ p„pane, propene and propane 
partial oxidation « the P^"!"" ^^^^^ together, 
are preferably separated off and recycl 

.n a completely corresponding manned -^^^^^^^ 
.3e for the -o^idat- o--^^^^^^^^^ 

3o-r:ii.rerarS!;^i.s":''^ 

•H.tion of n-butane and/or n-butene can be 
Their use for the /'llTST . 

effected as described xn JP-A 6-211767. 

35 Their use for the o^y^e.y.^o.sn^^^^^ 
further reaction to acetxc acxd can 
US-A 4250346 or as described xn EP 

■ ic (T\ can, however, also be 
ine novel multimetal ^--fJ^^^'^J, iaterials (for example, by 
40 integrated into "'^"er multrmetal ox. effecting 
mixing their finely drvlded ^ne form of 

compression and calc.natron -J^^ « ^^,,i„i„, them (e.g. 

sludges <P«*"^^^i\^^r9r53 for multlmetal oxide materials (I) 
« tLrd^tt.^^raraircalcination is preferably effected 

under inert gas. 
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..e .es.X.in. .u..i...aX ^^^^^^ ^ 

preferably ^75, very p .^^..^ and are likewise 

discussed in this document. 

reflection peak position at 20 50. u _ 

10 ■ a reflection peak position at 

If the overall r^tenal -^-^^^^^J^ by weight of 

29 = 50.0 ± 0.3°, It IS advantageous , 90 or = 95% 

.?e novel ..Itinetal °f f Jf^/.^are'cltaLable, for exa:«ple. by 

„ r:rc;irg^rtrtltirr^^^^^^ in ..^^^novel preparation 
process for the multimetal oxide materials (I). 



20 (I) 



..e advantageonsness of the novel^ul^^^^^^^^^ -^nr ^esLld' 

.or the purpose of the -«"J",nf/,r S^'thr-il 
,as-phase o^^^f ° ,f J^^^ Tnd Jltimetal oxide materials or 
30 multimetal oxide ^^f^rably put into operation as 

catalysts containing them are preferaoiy v 
described in DE-R 10122027. 

Examples 

" preparation of coated catalysts comprising multi^tal oxide 

material 

containing i phase and k phase) 

ne 55% by weight of V2O5, from 
81.61 g of ammonium at BO'C, with stirring, 

G.f .E. «urnbern, Germany, were ^--^-^ ^Lh stirrer, 
45 in 3 040 ml of water < ^^J— ^^^^^^J^ ^ clear, yellowish 

:rrro;mrd:Thir=^^^ - 



PF 53990 



.no. 117 03 g of telluric acid (99% by wexght of 
maintaining the 60°C, l^^'^^ ^ ° ammonium heptamolybdate 

HeTeOe, from Aldrich) -^/^Vrlm Starck/Goslar) were stirred into 
(82.52% by weight of M0O3, sequence. The resulting 

the solution in succession the ^^^^^ ^^.^^ niaintaining 

5 deep red solution was cooled to 0 C ^^^^ ^ ^.^^^^ ^^^^ 

the 30°C, 25.60 g of ^^^^f^^^^J^^' ^^^^ piuka) in 20 g of water 
nitrate hexahydrate (98% by weight fro ^ ^^^^^.^^ ^ ^^.^^ 

(the solution was effected at 25 C) we 
was at 30'C was thus obtained. 

112 67 g of ammonium niobium oxalate (20.8% 
separately from thxs, 1^2.67 g dissolved at 60°C in 500 

./weight of .b, -t^glve a^s -tion B. Solution B was 

„,1 of water in a ^^^^^^ . ^° ^"^^^,^3 temperature with solution A 

..is suspension was then spray-ariea^^ 

30 ,spray dryer »iro '^'^ J« of the initially ta.en 

atomizer from Nn.ro, DK) . The te ^ i„ 320"C and the 
— «as 30- spray-dried 
gas exit temperature t 
powder was likewise orange. 

" iOO , the spray-dried P-^^ t^lt h^nrr ^ 

furnace according to fx^ure ,<^«t.J ^ _ 

internal volume of 1 liter, ^ . stream) under an air 

3 - heated ^pace, 4 - -""^^'^^ ,,.3 „i„u«s, initially 

30 stream of 50 MS.T.P.)/h the ^ and the arr 
linearly from 25"C to 275 C, immediately thereafter, 

stream were then maintained 3„,,„ of 

the air stream was replaced by -J^^J t,om 275-C to 
50 l,S.T.P.,/h and "^---^^"^ 1,is temperature and the 

35 600°C in the course °* ^^-^ min'^te ^ 

nitrcen stream were ^^l^^'^^^'l^,,,^ ,0 25-C while maintaining 
entire rotating bulb furnace was 
the nitrogen stream. 

.0 . blac. powder having the '^'^^^'^^Z^^;:;!:^:;'^ 
= 0.26) . BET = 8.0 mVg. 
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mill (centrifugal mill, type 
(particle size ^ 0.12 ran) . 

=P»— supports hav.n, . « po.e 

support material " ^^^^-^^'^ J on the total support 

volume of the support 5 1% by ' initially taken In a 

volume). For this purpose, ^^"^ o£ 2 1 (angle o£ 

10 coating .rum ^ J^'^ TZ relative to the 

inclination o the c-t^-l ,t 25 revolutions 

horizontal = SO-). The aru glycerol and water 

per minute. About ^^-'^l^l^^Tu^^ Js sprayed onto the 
(glycerol : water "^^^ht ratro ) ^ ^^^^^ ^.^^ 3„„ 

15 support for 60 minutes via an installed in such a 

l,S.T.P.)/h of ^'"1'^"^=^ .t^;/^' ;°„s conveyed to the 
„ay that the spray supp ^ 

uppermost point of ^he mclin divided powder of 

upper half of the the d^u. by means of a powder 

20 active material was in«°<'>'"^/^^° ^eing within the 

screw, the point of addition of '^^/°™"^^i„dlc repetition of 
rolling .one or below the f/^^ided with a base 

-riLri^ ^.Z rrP^^in^r subUent Penod. 
" .fter completion of the coating the coated ^uPP- w. dri^^^ 

under air for 16 hours ^° = ^" J^",,, ,,tive material 
catalyst CEl comprising 20% by weignt 

resulted. 



30 

Example 1 



™io 1 However, the powder resulting 
Similar to comparative ^^'^P^^'' ,"'°"^!^! ;ti„ed under reflux in 
after the milling in the Retsch mill , ^ours at 

35 1 000 ml of a 10% strength by -^^ht so 

,0»C. The «-/"^"'j;^„f,,:re/,^/e;wfth water. The filter cake 
rsThrdrtfd rr:ight"rh air at 110=C in a muffle furnace. 

.0 The resulting -^^^^.^^f ^^^ar^c^t^^l-r:; diffraction 
ra«r'i^s;Cin*'flgre^3 0.,!,- B.T = 20.2 m^/g. 

" was ^PP-ed to the s support .^^^^^^^^^^^^^ 
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comparative example 2 

1 n hnt 6 17 q of palladium(II) 

5 nickel(II) nitrate hexahydrate. 

«,=-(-^T--Lal had the composition 
The resulting -^^^^^/t. ^'^.e associated X-ray diffraction 

pattern is shown in ^^^^^^ ; comparative example 1, in the 

weight of active material resulted. 
Example 2 

diffraction pattern is shown in figure 5 (R 
20 The associated X-ray dxf fraction p substrate as 

= 0.73). BET = 22.5 mVg It was pp ^^^^^^^ ^^^^ ^ ^ 
in comparative example ^'^^ ^^ ,,^ive material resulted, 

catalyst E2 comprising 20% by weig 

25 comparative example 3 

1^ 1 but the batch was halved in its 
Similar to comparative ^^^^^^^^^ ^.ate dihydrate (98%, from 

amount and 12.34 g of 3 4 g of niclcel(II) nitrate 

Fluka) were used instead of 3.4U g 
30 hexahydrate. 

M01.oVo.53Teo.22Nbo.uPdo.04Ox- _ (, 35, BET > 9.3 mVg. it was 

pattern Is shown in ^^^-e ' (K - «; )^^^.^^ ^^^p,, j, in the 
- :S^:an::rsoTatTrorterca.a..s^ CS3 co.p.isin, .0. . 
weight of active material resulted. 

Example 3 

*0 . the active material from comparative 

Similar to example 1, but ^^^^^^^^.^^.^ ^^i^. The resulting 

example 3 was -f^/^.f "Ln M^^oVo..^ 
active material had ^^^^^^ is shown in figure 7 ( 
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comparative example 1, in ^J^^^^^^^^^ 
catalyst E2 comprisxng 20% by we g 

comparative example 4 

5 1 1 hut 3.41 g of cobalt(II) 

Similar to co"P«f/7„f ^ledel-ae-Haen, «e.e used instead 

nitrate "-""y-^-^f ^ '! ';i„ate hexahydrate. 
o£ 6.80 g of niokel(II) nitra 

had the composition 
10 The resulting actrve associated X-ray diffractxon 



pattern is shown in ' ^"".^ .comparative exa-nple 1, :^n the 

'applied to the --/"/f/^t/Zc^talyst CE4 comprising 20% by 

=^'"\rora;trve1^te"al resulted. 
15 weight ot actxvc 

Example 4 

w V active material from comparative 

./—rina^rtra^erus nitric acid. 

..e resulting active ^ZZUtZ " 

Moi oVo.a,Te„.i3Hbo.l3COo.oo.O». The a ^ ^ „ 

pattern is shown in \„ ^^Lative example 1, in the 

^, applied to the f/,U%atalyst B4 comprising 20% by 

same manner, so that a c 
weight of active material resulted 

comparative example 5 
30 ■ 11 hut 5.65 g of copper(II) 

Similar - .-rr^r^^^or^ios^Organics, were used instead 
"of r/o rornir.:i;xx,'nitrate hexahydrate. 

3S The resulting active ---irasrcird^^^rai.--- 
Moi.„v„.33Teo.i.«bo.uCuo.oiOx- ™^ ^ = 6.7 mVg. It «a= 

pattern is shown in " comparative example 1, rn the 

applied to ^-/-yrc/aU caLlyst CB5 comprising 20% by 
same manner, so that a c 
40 weight of active material resulted. 

Example 5 

1. 1 but the active material from comparative 
similar to example 1, but t 
45 example 5 was washed with aq 
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4-^r--iaT had the composition 
The resulting act.ve ^33„^i,«d X-ray diffraction 

MOi.oVo.28Teo.i!Hbo.l3Cu„.o030,. The _ , 23.1 „2/g. It was 

pattern is shovn in Comparative exarnple 1. in the 

. 7^xzr.:^^r:v::.:. .^..s. co^ri=in, 

weight of active material resulted, 
comparative example 6 

„i= 1 but 5.68 g of bismuth(III) 
10 Similar to "^""^f ^^^,1; „eroK) were used instead of 

^rrontri"" — - 

,he resulting -tive material had the^oompositi^ ^^^^^^^^^^^ 

" Ta^-^rrsh^t-rfi^iy^^^^^^^^^^^^ r 

Sr^n^rtrratTroILroata^^ C.e comprising .0. . 
weight of active material resulted. 

20 

Example 6 

n 1 but the active material from comparative 
Similar to example 1, "^^^ ^.^^i^ acid. The resulting 

example 6 was washec. a^^^^^^ 
25 active material had ^J]^ pattern is shown in figure 13 

The associated X-ray f ^f^f applied to the same support as 

(H = 0.70). BET - ^^-^ f /^//;jrame'Lnner, so that a coated 
in comparative example ^'^^ ^ ..^i^e material resulted, 

catalyst E6 comprising 20% riy we y 

comparative example 7 

1^ 1 but 3.84 g of lead(II) nitrate 

35 nitrate hexahydrate. 

.he resulting -tive material had the compo^^^-"^ 
Moi.oVo.3.Teo.l8«b„.iiPbo.o.<.. 30,. BET = 2.2 mVg. It was 

pattern is shown in " ,,„parative example 1, in the 

weight of active material .resulted. 
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1.1 but the active material from comparative 
Similar to example 1, but the a resulting 

,R = 0.67) BET « 27 1 m /g- I* _ , ,,„ed 

fa/ar- K7To.rrSn: ^^.^ wei,.. o. active materia. .esuUea. 

10 comparative example 8 

i« 1 hut with the difference that 
Similar to comparatxve ^^^/^^^.f Jf^^.e hexahydrate was not 

the addition of 5.60 ^ :naterial had the composition 

carried out. The resulting actxve^^^^^ ,,,,.action pattern is 

15 M01.oVo.33Teo.i6Nbo.11Ox._The a ^ ^^^^^ applied to 

shown in figure 1^ (R - "-^^J- ^^^iDle 1, in the same manner, 

material resulted. 

20 

comparative example 9 

ol. 1 but the active material from comparative 
Similar to example 1, ^^^^^^ . ^^cid. The resulting 

.ne associated X-„y .^"--^-Xt^Uel Tr^e \" Je's^U'^ as 

- "-'^'-.^^^ : f !;"JsaJ:tnner. so that a coated 

in coiaparatxve example 1, xn t ^^^.^^ material 

30 catalyst CE8 comprising 20* by weign 
resulted. 

3, Testi., o. the coated catalysts prepared in and comprising 
multimetal oxide materials 

" . -r-p^od^r^o; :;Lr;ariraL":trin 
:fi reiro-g^o^ t.i - 

(catalyst bed length in all j ^ „„„, 

40 bed of steatite beads (d--^*-; l^l,,, ^^e catalyst bed, 

manufacturer-. Ceramtec) was after the 

-taiyrbir::^. -le^^^^^^ - — — 
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f ^h! loaded reaction tube vas brought 
The external te-perature of ^^^^ ^^^^.^^ 

to 350°C over the entire xeny 
electrically heated heating mats. 

.>,»n fed with a reaction gas starting 
5 The reaction tube -^^^^^^^^'^^^fi,, of propane : air : H,0 = 
fixture having the -^-J/^^/^.'^^ downstream bed side). The 
1:15:14 (the entry side volume) was brought to 

" ..e .eacaon .u.e ^^^^ ^"J^ ^ ^ C^^^^^l^ 
abovementioned external '^^-^P^^^^^'^this external ten,perature was 
over a period of ^^''"""'^'^fXle reaction tube pass, a 

. — orr^o; :c:r> UntSs .o. resulted in all cases. 

.ne table belo„ sbo„s - ^ ^r^/^aXl rratd" ^ 
this conversion, as a tun .^ryiic acid formation 

the resulting -^^-^^^^^^^^^^^^^^ of 'the propene byproduct - 
20 (-ol^)) "faddilion, the table shows the 

formation (Sph. ^"^^^^ ^^^^/",^T,e material present on the coated 
intensity ratio R of ^he acti „vaterial. 
catalyst and the composition of this 
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